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SIILKk-wave s[udies of snow have been conducted a[ s[rcss kvelj of up [L 10 MI%, Analy..s of embedded gauges and
shock .rcvcrbmuion [cchniqucs were used [o dctcrrninc sh~k prcssurcdensity dma for snrsw with ini[ial densities mnginc

flom 100 kg m-l to 520 kg m-3 and icnqxmmrcs ranging from -2 “C 10-23 ‘C. Shock vclcci[ics rdnged from about

170 m s-l (for low dcnsi[y snow) to abow 280 m s- I (for high density snow). AI cons[am dcnsi[y and impact vchxilics, but
varying Icmpmuurcs, there was no varia[itm in shin-k vcioci[y. This indicates [hat tic internal energy ml any [cmpcramrc
dcpdcm sl.rtngth of icc bonds do nos mcasumhly affccr shock propagation in snow over [he Icmpcrmurc and pressure range
of our [CSM. (lur rcsulu also indicate drat snow is a hi~:hly rate scnsi[ive material.

1. INI”ROI)(J(:II( )?4

Umfcrsmmlmg Ihc shock comprcssicm of snow is of

intercs[ for its dlrcc[ iq@ica[iors m such fields as plartctmy

scicnccs, cold stgimrs and milicsfy cnginccnng, and shock

isdalinn. The 0s11y cxis!ing dam obLlinuf with rcliahlc

rxpcnmrmd mrthmk arc L+e high prcwsrc da!a

(l, K_154 (; I%) of I]ahantwn CI al, 1. Wr have conduclcd n

Irsl pm~l m usin~! cmlmhlcd stress flm)~cs 10 ol)tni!l

prrswmc &IIwly Irl.llmns It)f fnow at Imv ptcssmcs (Np li)

do M1’fi) l:xpclmwill, wcm cxmductml w examine thr

cffccl of Irlilial [knsily (I(K) kg m :’ to 520 k~ m-~) aml

tcnllrrnlurr ( 7 ‘f’ I() 7 ! ‘(~ cm dl(mk pl~~pn~nlitm in SNOW

7 llXPl:ltlM1’.N’l ANI) I)A-I”A ANAI.YSIS

A )(N) mm (Ilmurwl EJS RIIn wns IIWII It} SIIIML IIXNI Ihr

SIIIIW “IIIc MIIIW I.ll;rf 3..wIIIlIly ctm%iitrd !}I n smnv Illlml

(’(q)pcl l’yhll(h”l { nppl Ill 111)111Wllh a hullrl plalr

(consisting of a cm bon fllrn slrcss gaucc cprmicd bclwccn

two aluminum plates) and an aluminum back supprm F Ialc.

S[rcsstimc rcsmds wmc mcasuml using Woiun callmsn.

film picmrcsistivc sSscssgau~cs embedded in Oh snow al

nominal dismsccs nf 14-111111,2tl mm, and 42. nlm frmn IIw

1.,:(fcr pl~I~..ll)cmlt~oiqdcs and cold nilrofiml Xa%

cilculamr~ llnoufill a cmdln~ cfNl aluschcd w dIc coppr

cyl Imlcf wmc uwd 10 monmn and smnlml snow Icmpmmum.

I k%lils of snmplc plcpmali[m inclh{nls anti inttllllllclll:lli[nl

arc ~ivcn in IIIOWI1 c1 al.2 and Johnstm et al.:’.

IIIC unwcmly natmr of sh(~k wisve pn)pal!nlit)ll in Ihc

wlw, $Imrlnllml wlnplr pwpntahon mcllMnls, and Imj:r

itnpcdwn-r nliml.lhhr~ hlwrn hc snow mMl SII( ~i I::IIII:V>

WMIIISS(I III umlplck sh(’i$ Illilt)lics. Wr uwd thr

1’1{( )N’11 ) }1 )’1 dyni-inllt lttt}lr clrmcnl pr[qymn I(Jdrlrtmmr

Ihr Ir;lwtllt IIN dI\lIIIt Ilvr Ir:lllllri Itl Ihr mrwwtrd %Iirii

.

.



his[ones md to deleml ine loading, unloading, and rclod.ing

pwhs for [he snow3, 5.

Dau wwr dso analyzed by using a simplified mcxlcl llm[

trea[cd tie shock loading expcrimen[ as qr.msi-skwly wilh

changes in pressure and shcck velocily caused by unloading

from [he aluminum hJffcr, Known Cqualions of slme for

aluminum were used in calculating pan.ic’e velocities and

stresses m Ihe buffer/snow interface.

Figure I shows an x-t (dismrrm-time) diagram ofour

qumis[cmiy “’ruvcrbera[ion analysis”. 1 he solid ;Ind dtishcd

li~cs in the tii!urc reprcsenl sh~k and relrmc WLIVCS,

rcsprc[ivcly. ‘IIC rcverlxm[ion analysis assumes [ht[ [he

s[rcss mmsfcrrcd [hrough [he aluminunl buffer inm the snow

is cons[wl[ from [hc ins[an[ [he flyer plate (A) impms [hc

bullcr Ill:lw (1! tind C) unlil lhc rulease sv~ve Iloln Ihc luck

oi tlw flyer wrivcs m [he gauge cmhcddrd i:! lhc dumi[lum

bultrr (Ix[ivccll 11 ml C), Tensile sl[rsscs prmiuc.cd by [hc

rclcrisc uuvc muse lhc huffcr m fail al Ihc I::luflc:].

Unlmdinl! in Ihc snow then occurs by mulliplc

rrvcibcrillions ill Ilm scp,armeci huffcr pl:uc ((’) which

ItmJlns ill ctmlJcl willl [Ile snow.

I) IS’I’AN( ’I;

I’l(illl{l: I
h I dlil~lilm I(1I Illr Sh[x’b. I{lmhlll: Clqn?lllllrlll (Ill klltlw. ‘I”hr
flyrl ~Jtwr (A) wpmnles fltml thr hulftl (I1 nmi (‘) mh! Ihr
Itttlfrl plmr wp:lt;ltrf nl Ihr 11X’ itllrllw”r ulrnm ;Mlivul I}f Ihr
Il)rl IclriI\e wnvt -

buffer pl@sncrw interface. Panicle velocities and pressures

in [he snow were calculm.d by using conservation of mass

and momentum, and eqrmliry of prcssule and panicle

veluciry at the buffer plmdsnow imerfacc and the shrxk

from. Unloading behavior was determined by varying r.he

modulus of the snow behind [he shock wave from umil

calcularcd anival times al k srrcss gauge posi~ions agreed

widr measured values.

Pressure versus density (P-p) results fmm the

reverbcra[ion ardysis were used in PRONTO 211 [O mtxlcl

the expcrimclll; nmh!l rcsulls were again compared 10

measured arrival times. Arrival times calculmed using dw

rcvcrbcm[ion analysis ngmed widl lhose calculated using

PRONTO 21> and measured values to widrin 5% to 20%.

Illis agrcerncn[ juslifies our assumption of quasi-stcmly

wave propfi~n!”~m in lhe mverlxmlion analysis.

3. RIX(JI.I”S AND I) ISCUSSK)N

Pressure versus density for snow delemlined from nur

[ests and from qwssi-suuic [ests of Abcle imd GOW6 we

sho~vn in I:il!we 2. (hlculaled release mmhsli iIrc SIWWII iu

I:igure 3. Ille effects of initial rlcnsily and slr-ain rxlc z c

bolt] appisrcnl from ltK data.

Shock vcluci[y in [he snow versus initial snow

lcmfxmmm, al crmstan[ pamicle veluity aml with similar

initinl dcnsil}, arc given in Itigurc 4. Ik lack of any

discemahle rlcprndenw of shock vchrci[y on sample

temperature indicales Itml intcmaJ clmrgy variations of snow

mKl nny Icmlmrrlure depdcnl srmn~th of ice txmds do mrl

mcasurahly affect shock propa~mion in snow over Ihc

wmprrirtum rind pmssurc nrn~e ofmrr Irsts

Ilw WImplcs used in Ihr shwk vclorily/ Icnqreraur - trs!s

hid dcnsily vmintitrm off 10 kc nl”~ duc to mwutisl

.
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FIGURE 2
I’rcssum versus dcnsi[y frrr snow Abele and (.hw’s (!a[a was
obmincd usinu qmssi-s[wic [cs[s.

inltml ICC RKSIII bond neck SIZC IS IIIOU@II IU COIIIIOI

subscquem shuck behavior.

Shock compaction of snn~ may (~cur in a ftislli~m

similar m IIm su~xcs[cd by llomJc8 fw copper. A shock

WJVC fmvcllirtj: ill snow is likely to have sufficicn[ nmplilurlc

10 immcdiiuc)y overcwnc Ihc lsuml slrcnglh bclwmrr ~rains

crcnlinfi an umxmsolidalcd lxxwus fnalcrinl. “I”tw pains irm

IIwll dfivrn hq!ctlmr wNIMml lKInfl slgnlllcanlly dcl[mnrxl,

msullm~ In a dtmily Ilml is ckm II) Ilk IIKIKIIIIIIIII Ilwl I;;II1 lx

otj[ainrtl by ~lxin Ixrckinfi I:uldwr com~mcli~m pl[xlurrs

Inrl!c plirwic tichmmalmfl 0[ the sns~w yrains rnmin~! lhcm u}

Ihlw lo}~lhrr, Iapidly lcducing lhr inler-~~rflin void spncc.

omlsi slfinr Irsl results fm unl:lxml rsnd slrrar sfwn[:lh vmsm

ds-n$ily in snow c~hihil n dj$llml suxin hnldrninn n{ n

dcmilv t)f nlnnn 50(1 k~ m ‘, WIIK41 if nrm IIIC IIMSJLIIIIIIIII

I: IJIII piI[kIn]! drtI\Ity 11)1 (II y MIIIW’) All (II 1}111\lnmhrIl

sl. uri iur nl Illy,hrl tlrwltlirf nml dl[tw rvrn ~~lrnlrl ill$lm
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FIGUK)l 3
Inilial release rutiulus for snow.

hwdcning LImn Abclc and GO-* found, Illis iq)pc,IIs IO Isc n

mlc dcpcmfenl result,

4. CON(3 .( JSIUNS

S)nxk hxtdin~ and rclcmc skrtu m ;cpmed for snow

with initial sfcnsi[ies front I(M kg m-3 [(s 520 k~ m-~ ISnd

inllial Icmpmlurrs lan[:in~ fmm -2 ‘C m -23 ‘(~, “Ilc rrsuli~

[or picswrcs up I() 40 Ml)a indicmc Ihirt snow is hichly rate

wllsillvr and u}mpmssildc, llw lCSIM)llSf or SII{)W !1) slnwk

lt);ldIIl~ if n(~l drya-mlrnl on iniunl snow lmnpr IiIIIIIC 11)1 llIr

Irmlri;ltutt rallW rxamimsl in Ibis slIKly, Quasi SI;IIIC lrsls

iIIsd (IUI sl~n-k mcJMIrrIncnIs imply Ihri I SIIIIW sxnnpns:[i~)ll

may mxwr by iniliisl fnilun: of smlw ~rnin Ixmds iutfl ~yittn

IrilllilllflClllClll Slill!#lllKlll dcl~llmulilm (M”l.111% Ily I)l;lillt.

tlrlt)t Inall{m t)l ~liiins cnminl: thrm If} flow lf}~~rllwl.

.
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